Abstract: This article deals with magnetic nano-fluids, which are the part of transformer oil ITO 100 and their behavior is influenced by a permanent magnetic field. We performed an IRC analysis in the time domain on the three different samples. Measurements were made before and after radiation of an electromagnetic field. The main objective was to examine changes in the properties of the samples due to the influence of the electromagnetic field. The measurements depend on the orientation of the external magnetic field. This behavior occurs especially during the structuring of the nanoparticles in the sample exposed to the magnetic field. These processes change the polarization of the liquid because the nanoparticles concentration is contained in the fluid.
Introduction
The condition of the insulation is an essential aspect for the operational reliability of power transformers, generators, cables and other high voltage equipment. The power transformer is expensive and vital equipment in the transmission and distribution grid and its life is predominantly determined by the condition of the insulation system. During its operation, this system is continuously subjected to thermal, electrical and chemical stresses etc. [1, 5] .
Electrical insulation and the heat transfer are important properties of the liquids used in the transformers. New liquids, e.g. silicone or esters, are used in the special-purpose transformers. These liquids such as seed-oil-based ones are more environmentally friendly, but absorb more moisture. Actually, a large majority of the transformers have their insulation systems consisting of the cellulose paper and the mineral oil. The mineral oil has good oxidation stability and a poor moisture absorbing property due to inhibitors, but his disadvantage rests in the low thermal conductivity and this factor has an influence on the thermal loading property of the device [2, 4] . From the chemical point of view, the mineral oil is a mixture of the naphthenic, paraffinic and aromatic hydrocarbons. A fire point of mineral oil is approximately 160EC, which is lower than the fire point of ester -approximately 300EC [3] . It was provided by comparison of the mineral oil with the vegetable oil. When compared to vegetable oils, permittivity measured for the new mineral oil was ε r = 2.9. New environmentally friendly products and limited petroleum resources are an impulse for many researchers to replace mineral oils by vegetable oils or to improve the thermal and insulating properties of mineral oils. For the improvement of the cooling and isolation properties, the transformer based magnetic nano-fluid (MN) was proposed and tested. Ferrofluid [8] is one of such MNs.
The ferrofluids exhibit special properties that make them suitable for many technical and medical applications. Some of these properties are determined by the particular physics of small-sized magnetic nanoparticles [18] . Therefore, it is important to search for better methods and theories describing the physical behavior of these liquids, and in particular, induced structuring of magnetic particles [12, 15] .
Many physical properties of the magnetic fluids observed while influenced by the magnetic field reveal, that clusters of constituent magnetic particles exist, which results in various anisotropic properties [16] . Therefore, an understanding of the clustering phenomena in magnetic fluids is important when explaining the physical properties of magnetic fluids while being subjected to the external electromagnetic field [11, 14] .
These ferrofluids consist of the carrier fluid (transformer oil), nanoparticles and a hydrophobic single layer of oleic acid as a surfactant. The surfactant has a role of covering the nanoparticles and it prevents their contact from each other, thus the creation of clusters. Magnetite (Fe 3 O 4 ) was used as nanoparticles. The creation procedure was developed in the article [7] . To estimate the effective electric permittivity of MN ε MF the Maxwell-Garnett formula was used for a mixture with spherical inclusions [8] .
( )
where: ε ITO and ε NP are the electric permittivity of the transformer oil and nanoparticles of magnetite. The φ is a solid volume fraction of magnetite nanoparticles [17] . In the article [9] , EMR is exactly used for thorough dispersion of nanoparticles while producing ferrofluid with a carrier fluid (ester). After the thermal aging of the samples, it is proved that the surfactant degrades and the particles start to agglutinate into the clusters [10, 15] . In the case of insulating liquids this phenomenon is undesirable because of polarizability and the resultant breakdown of dielectric material that has a destructive impact on the transformer [13, 19] .
This fact is a motivation for this article, where the impact of EMC radiation on the ferrofluid and potential partial breakdown of the nanopartical clusters are observed. This phenomenon may partially revitalise or accelerate degradation of the ferrofluid. The revitalization is observed by the time domain spectroscopy (polarization and depolarization current) [10, [16] [17] .
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General knowledge about the experimental method
With time domain spectroscopy, it is possible to investigate the slow polarization processes. It is a way of measuring the polarization and depolarization of currents (PDC) with a DC voltage step [6] .
The electric field is generated by an external voltage u (t) and it is applied on the dielectric material. The current through the dielectric material can be expressed as (2)
where, C 0 is the geometrical capacitance of the dielectric material, u (t) is the step voltage, σ is the DC conductivity of the dielectric material, τ is the time constant, ε 0 = 8.852·10 -12 F/m is the permittivity of a vacuum, ε r is the relative permittivity of the dielectric material and f (t) is the response function of the dielectric material [9] . As a result of the influence of the DC electrical field on the insulation, is the electric current influenced with conductive processes. This effect is characterized by leakage of the current and polarization processes, which are characterized by absorption of the current that flows through dielectric. Charging current i n (t) flowing through the dielectric is expressed by the formula:
where: i c (t) is the capacitive component of the current, i a (t) is the absorption component of the current, i v iis the conductive component of the current. The total current i (t) flowing through the dielectric can be expressed as the sum of all elementary relaxation currents. It exponentially decreases over time and is determined as:
where: U is the applied direct voltage, R is the insulation resistance over ∞ time, I mi is the amplitude of the i-th elementary current, τ i is the time constant of the i-th elementary current, n is the number of elementary currents [11] .
Realization of experiment
The electric power transformers are sometimes placed in the vicinity of transmitters for mobile communications and their radiation can affect these transformers. By using the conventional transformer oil the electromagnetic radiation has no effect. Power engineering develops new and better insulation materials, such as magnetic fluid, that is one of them. In the future, magnetic fluids could replace the transformer oil. Our aim was to determine whether high frequency of electromagnetic field radiation had any influence on the magnetic fluids. Therefore, we have chosen a frequency of 900 MHz since it is used by mobile operators.
The aim of the measurement was to determine the impact of the electromagnetic field on magnetic ferrofluids at room temperature (20EC) without the influence of an external electromagnetic field. For the measurement, the KEITHLEY K617 device was used with a measuring voltage of 100 V intended for measurements of charging and discharging currents. The measuring devices and the circuit configuration is shown in Fig. 2 . Used measuring devices are very susceptible to electromagnetic interference (EMI). For that reason, measurements were carried out in the non-reflective EMC chamber, which prevents against permeability of EMI from the environment. Three selected samples of magnetic fluids were submitted to PDC analysis, while the charging and discharging currents were measured. The measurements were automated by the Agilent VEE software. The measured values were recorded during the measurements. The magnetic fluid has been drawn up in concentrations that are expressed using magnetization. A manufacturer doesn't define the volu-metric representation of particles in magnetic fluid and defines only the size of magnetization of individual samples. The labeled samples were called Gauss 10, Gauss 25 and Gauss 50 and the concentration of particles in the individual magnetic fluids did not exceed 5%. The container, which is shown in Fig. 3 and which was used for measurements, contains the system of flat electrodes. Afterwards, we have measured individual samples which were exposed to the electromagnetic field. Each measurement was repeated for comparison of the results.
The samples were placed in a non-reflective EMC chamber because of exterior influences. The antenna was connected with Analog Signal Generator Agilent MXG N5183A. The power amplifier was connected to an analog signal generator. Radiation power of electromagnetic field was set at 30 W at a frequency of 900 MHz. All samples were irradiated during 100 hours.
The measurements of the individual samples were repeated three times. The resulting values of charging and discharging currents were averaged.
Evaluation of measured results
At processed results, there can be seen that the curve of charging currents is slightly deformed. The size of the bending depends on the percentage of magnetic particles in the magnetic fluid. These anomalies are probably caused by dielectrophoresis.
For the sample GAUSS 10, the anomalies are much smaller than for the other samples. This is due to the fact, that concentration of magnetic particles is lower in this particular sample and therefore it creates less chains which has a great influence on the charging current of the samples.
When comparing the charging currents of irradiated and non-irradiated samples, it is clear that the irradiated sample shows more anomalies than the non-irradiated sample. Increased
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This electromagnetic radiation has a high frequency and power. The magnetic particles under the influence of an electromagnetic field are heated and these overheated magnetic particles release the chains of surfactant. These surfactants deteriorating the properties of the magnetic fluid. The volumetric representation of magnetic particles is much greater in the samples GAUSS 50 and GAUSS 25 than in the sample GAUSS 10 and the volume of surfactants is greater, too. From graphic results of discharging currents in the individual samples, it can be seen that the discharging in the sample GAUSS 10 is much steeper than in the samples GAUSS 25 and GAUSS 50. These differences are caused by chains that were formed while charging of the samples. These chains create a stable structure, causing that the depolarization of the samples was carried out slowly. This phenomenon is more noticeable in the samples GAUSS 25 and GAUSS 50, which is associated with the greater volumetric representation of the magnetic particles. Fig. 7 . The graphic dependence of the discharging current on the time, the sample GAUSS 10 before the influence of EMR and after the influence of EMR When comparing the same samples before irradiation and after irradiation of the electromagnetic field, we can see the change in discharge characteristics of the current. The most significant change is observed in the sample GAUSS 10, this radiation has an impact on the magnetic particles, as well. As mentioned, under the influence of an electromagnetic field, the magnetic particles are heated up, that causes that weaker bond between the surfactant and the magnetic particles was disrupted. Increasing release of the amount of surfactant molecules in the magnetic fluid, caused deterioration of dielectric properties of the magnetic fluids.
The minor differences are observed in the irradiated and non-irradiated sample for samples GAUSS 25 and GAUSS 50, which are associated with the clusters formation of magnetic particles.
Conclusion
The main objective of this paper was to investigate whether electromagnetic radiation has an influence on the degradation of parameters of the magnetic fluids. In this experiment, three samples of magnetic fluids were used. To determine the state of liquid, PDC analyses were executed in the time domain. Individual samples were measured before and after the influence of an electromagnetic field. The results were graphically processed and compared. Experiments showed that electromagnetic radiation at a frequency of 900 MHz and power of 30 W had a negative influence on the magnetic fluids. Since power transformers generate electromagnetic fields with a frequency of 50 Hz, it would be advisable to verify experimentally the influence of the electromagnetic radiation at a frequency of 50 Hz.
